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[57 ABSTRACT

A multichannel surface acoustic wave encoder/decoder
having a common electrical input is designed so that the
insertion losses of the channels differ despite the appar-
ent design constraint of closely matched channel output
impedances. The input transducing device or SAW
transmitter is divided into individual transducers (or
into subtransducers) having different numbers of finger
overlaps, thus achieving different acoustic output levels
which in turn result in different insertion losses for
different channels. The finger spacing of the SAW
transmitters can differ between the respective input
transducers or subtransducers so as to optimize the
center frequency of each channel.

19 Claims, 7 Drawing Sheets

(24 ////
7
A
’e- CH A
L — M A2
e
-e- CH. B
4l 62
—il C!
-e- Ch.C
i c2
Up e 4 DI
<] > =
» ) ————————) .. ] D2
A s B2 %)
JGJ J\LD P / J = 34/ 320



Sheet 1 of 7 4,764,7()1
bl b

Aug. 16, 1988

U.S. Patent

)
N§

o=l

=]

0 HO—>

3 'HO

8 'HO~#

V 'HO~#~

=
B

0
)
|/
N
\/-/N.)

-+

—4 4+ £ 44 b4

O
o

RIEEEEEEEE

Q\\\ VNv .mmk




9g

Sheet 2 of 7

Aug. 16, 1988

N\

| _—CE

U.S. Patent




Aug. 16, 1988 Sheet 3 of 7 4,764,701

U.S. Patent

Q
D

24y o _.J 2y
ot T e [ m ] a * -
. 2
2a “l‘ _4 V. e
2> || |
Ia | T
o S 4
9617
9 "HD -e o
19 '
<8 } vw\\\.
g 'Ho .‘-e-.-
N<. ! I* oG- \- =l qle
V 'HO ‘e‘ H 19
IW
- f \_\H\ 77 IO ] AT m “
A -
A1 os o+/ [[e+/ I~ U-\ =
¢ ‘9|4 2/ mu\ w,,\‘ f, e \ g\ S—
AT OV ¥y Sy P Ny



US. Patent  Aug. 16, 1988 Sheet 4 of 7 4,764,701

// 4yy

_E—.—AU
= |_—/02

——

Fe——] CHANNEL A'

10/~
| 188

UBBI~— J-uBB2  _sp

—_

CHANNEL B'
=
CHANNEL C'
_

CHANNEL D'

:56'

100 L

FIG. 3A



Aug. 16, 1988 Sheet 5 of 7 4,764,701

U.S. Patent

\—

\\\\ 2’ \.+t v

\m

¢+- ~m+ 3

*)

IR

¢- //,/E

mJ




Aug. 16, 1988 Sheet 6 of 7 4,764,701

U.S. Patent

h
X

el
raeuvla;

5y

A
A
LA

”»u..c «.uxﬂ:.x*.ﬁ

=
37

O T13NNVHO

33
>
AN

<

ity

+

4G

RN
At ...mw_?

iy
"o

Urié

v
Ts
- E™

At

e

23

nAY
)
N
N
x
-

8 TT3INNVHO

13
Hive
EAANRN
bl LRGN
3439
R,

nW
L
8

9

&,
214

B Jar
) Saeoy
] vl
i\?

NIA

¥
“l\ul;\iku

V¥ 91d

Rara

~
X




US. Patent  Aug. 16, 1988 Sheet 7 of 7 4,764,701

AR R AT IR

S

3\!‘\—,«:’4“_:‘

e

PR S
_,,.~) ’;

e \vé‘\

IS R
RS AN v‘«;‘\..r".."?’ 7

|
[T
TR
m ps —
a ¥ !
w
r? SIS S5 SR S NS
[Ty
T o~
)
ha by 2R w

fs

f-6
~—TN A AN

R ey

EIRrbAaidea Do rl

NI A TR 2
:cd". T N Y

7,7
l‘q\—.\ :'ﬂ E

FIG. 4B

CHANNEL
c



4,764,701

1

MULTICHANNEL SURFACE ACOUSTIC WAVE
ENCODER/DECODER

This invention relates to improvements in surface
acoustic wave (SAW) devices. It is particularly di-
rected to SAW devices for encoding and decoding
scrambled broadcasts in the subscription television in-
dustry.

BACKGROUND OF THE INVENTION

Surface acoustic wave (SAW) devices are used as
delay lines and band-pass filters in a variety of applica-
tions. Recently they have been employed in encoding
and decoding circuits for subscription TV systems of
the type described in copending U.S. patent application
Ser. No. 711,947, filed on March 15, 1985.

An encoder SAW device with a plurality of electrical
bandpass filter channels is used there to introduce fre-
quency-dependent amplitude and phase distortion into
the video output of a TV transmitter, as a means of
encoding the video signal and making it unintelligible to
receivers which are not equipped with suitable decod-
ers. For additional encoding, the transmitter output is
switched in an unpredictable way between alternative
SAW filter channels having different frequency re-
sponse characteristics.

At the TV receiver a decoder SAW device unscram-
bles the video signal by passing it through correspond-
ing SAW channels which have frequency characteris-
tics complementary to those of the SAW channels in the
transmitter. The decoder has a switching circuit which
selects the proper SAW channel to match the encoder.
This switching circuit takes its switching control input
from the video signal, after processing by still another
SAW channel.

In an encoder/decoder of this type, all of the SAW
channels must be matched to each other with respect to
delay time and various other electrical characteristics.
This need for electrical matching creates certain prob-
lems, which it is the object of the present invention to
solve.

Matching the electrical characteristics of the en-
coder/decoder SAW channels requires the designer to
meet several seemingly contradictory criteria. On one
hand, the output impedances of these SAW channels
must match each other closely, or the performance of
the scrambling/unscrambling system will be quite sensi-
tive to variations of the electrical characteristics of
other components of the system. For example, if the
output impedances are not closely matched, the de-
coded TV picture noticeably deteriorates as the output
is switched from one alternative channel to another. To
avoid such picture deterioration, the other system com-
ponents must then be subjected to unacceptably high
tolerance requirements. On the other hand, there must
be significant insertion loss differences between the
channels or they will not differ in their frequency re-
sponse characteristics as required by their encoding/de-
coding function. These insertion losses, however, must
be kept at an overall minimum in order to avoid degrad-
ing the quality of TV reception.

Each of the SAW channels is of the type having a
uniform interdigital input SAW transducer (or acoustic
transmitter) and an apodized output interdigital SAW
transducer (or accustic receiver) which are acoustically
coupled to each other. All the SAW channels of a given
enccder/decoder conventionally are mounted upon a
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common piezoelectric substrate, and share a common
input transducer. But they have individual output trans-
ducers (one for each SAW channel), and these output
transducers have different apodization envelopes in
order to achieve the different frequency response char-
acteristics required for a subscription TV encoding/de-
coding system.

For a given input transducer, both the insertion loss
and the output impedance of each SAW channel are
approximately inversely proportional to the same pa-
rameter, i.e. to the aperture of its apodized output trans-
ducer. Thus, if the SAW channels are to have closely
matching output impedances, their respective output
transducers must all have the same aperture width,
whereas the aperture widths of the output transducers
must be different if the SAW channels are to have speci-
fied different insertion losses. Both requirements evi-
dently cannot be met at the same time, so long as each
SAW channel shares a common input transducer which
has the same acoustical coupling characteristics relative
to the respective output transducers of each SAW chan-
nel.

It has now been discovered, however, that these
conflicting design requirements can be met if the SAW
channels are provided with different input transducers,
or at least with common input transducer which pres-
ents different acoustical coupling characterstics to the
output transducers of different SAW channels.

The amplitude of the acoustic signal transmitted from
a uniform input transducer of the interdigital type is
proportional to the number of overlaps between its
electrically oppositely poled digits (fingers). By provid-
ing a distinct input transducer for each channel, the
amplitude of the acoustic signal transmitted from the
input transducer of each channel can be made different
from that of the others by selecting a different number
of finger overlaps for each distinct transducer. To make
the input transducers distinct, each can be a separate
uniform transducer component with its electrical input
terminals connected in parallel with the others. Or bet-
ter yet, these input transducers can be combined into a
common structure which couples differently to each
channel.

By transmitting different acoustic signal strengths to
each of the output transducers, the output signal levels
of the various output transducers can be modified inde-
pendently of their output impedances. This permits the
insertion loss of each channel to be chosen largely inde-
pendently of the channel’s output impedance.

By means of this technique, the output impedances of
the output transducers can be matched even if the inser-
tion losses of the individual channels differ significantly.
This avoids the problem of signal distortion as the sub-
scription TV encoder/decoder switches between SAW
channels.

The use of different input transducers, or a common
input transducer with distinct coupling to each outut
tranducer, enables each channel to have a different
insertion loss. This permits the aperture width of each
channel to be a best compromise to achieve fine adjust-
ment of that channel’s insertion loss while maintaining a
close match between the channel’s output impedance
and that of the other channels.

Furthermore, when using separate input transducer
sections for each channel, or a combined input trans-
ducer with distinct coupling characteristics to each
channel, it is also possible to employ different interdig-
ital spacings for each distinct input transducer section.
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This enables the center frequency of the input trans-
ducer of each channel to be independently selected.
The circuit designer can then choose a different cen-
ter frequency for use with each output transducer. That,
in turn, permits the choice of a different optimal center
frequency for each channel, instead of forcing the de-
signer to accept a single compromise center frequency
for all channels. The use of an optimal center frequency
for each SAW channel keeps the overall insertion loss
level to a minimum, improving the quality of reception
in a subscription TV system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic top plan view of a multi-chan-
nel SAW device.

FIG. 2 is a similar view of a multi-channel SAW
device which, is similar in purpose to that of FIG. 1, but
" which is constructed in accordance with the teachings
of this invention.

FIG. 3 is a schematic top plan view of an alternative
embodiment of a multi-channel SAW device in accor-
dance with this invention.

FIG. 3A is a schematic drawing an alternative em-
bodiment of a composite input transducer.

FIG. 4 is a schematic top plan view of another alter-
native embodiment of a multi-channel SAW device in
accordance with this invention.

FIG. 4A is an enlarged partial plan view of some of
the electrode fingers of a further alternative composite
input transducer near a boundary between channels.

FIG. 4B is an enlarged plan view of the loop-shaped
electrode fingers of yet another alternative composite
input transducer near a boundary between channels.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a multi-channel SAW encoder/de-
coder 10 for coupling a common input to a plurality of
SAW channels in a subscription TV receiver. The en-
coder/decoder is formed on the surface of a piezoelec-
tric substrate 12. A uniform interdigital type SAW input
transducer 14, having terminal pads M1 and M2 acting
as electrical input terminals, is printed on the substrate
surface. Terminal pad M1 is connected to an upper bus
bar U, from which electrode fingers f protrude down-
ward. Terminal pad M2 is connected to a lower bus bar
L, from which electrode fingers F protrude upward
between fingers f. An electrical signal applied to termi-
nals M1, M2 causes input transducer 14 to launch two
surface acoustic waves on the substrate surface, a for-
ward wave 26 and a backward wave 28.

It is known that the surface acoustic waves so gener-
ated will have a center frequency with a half wave-
length equal to the center to center spacing b of adja-
cent “active” fingers, also called the “interdigital spac-
ing.” A finger f (or F) lying parallel and adjacent to at
least a portion of an oppositely electrically poled finger
F (or f) is referred to as “active.” All the fingers f and F
of uniform input transducer 14 are active.

Both waves launched by transducer 14 have the
width of the aperture aszof the uniform transducer, and
propagate away from it as shown by the arrows 26 and
28. The forward acoustic signal wave 26 generated by
transducer 14 propagates toward four output transduc-
ers 16, 17, 18, and 19. These respond by generating
electric signals across corresponding pairs of terminal
pads A1-A2, B1-B2, C1-C2, and D1-D2. An acoustical
absorber 34 is provided to absorb the forward wave 26
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4
after it passes the receiving transducers, preventing any
unwanted reflection of the forward wave from the sub-
strate’s forward edge 30.

The backward wave 28 generated by transducer 14 is
not used, and an acoustical absorber 36 is provided to
prevent its reflection from the substrate edge 32. Also, a
grounded conductive shield 24 is provided on the sub-
strate between the input transducer 14 and the output
transducers 16-19 to reduce capacitive coupling be-
tween their respective elecirode structures.

The output transducers 16-19 have respective char-
acteristic frequency response curves suitable for their
respective channels, by virtue of their respective apodi-
zation envelopes, i.e. their multi-lobed finger overlap
patterns schematically illustrated in the drawing, as is
well understood in the SAW art.

It is known that the output impedance of any of the
output transducers 16-19 is inversely proportional to its
respective aperture ag-ap. The proportionality factor
depends on the frequency response of the output trans-
ducer, which may be different for each channel. How-
ever, in the coding/decoding applications considered
here, the frequency responses of the various output
transducers are close enough so that, to a good approxi-
mation, sufficiently close output impedance matching is
obtained when transducers 16-19 all have the same
aperture width ag=ag=ac=ap.

However, substantial differences in output signal
levels at terminals A1-Aj, B1-B3, C1-Cyand D1-D; are
also needed. These differences in signal levels are ob-
tained by corresponding differences between the inser-
tion losses for each channel.

It is known, however, that each SAW channel will
have an insertion loss that is approximately inversely
proportional to the aperture a4, ag, ac, ap, of the apo-
dized transducer for that channel. For example, channel
A will have an insertion loss inversely proportional to
the aperture width a4 of transducer 16, and so on.
Therefore, specifying predetermined relative differ-
ences in insertion losses among the channels normally
requires their receiving transducers to have different
aperture widths. .

As a consequence, the encoder/decoder filter of FIG.
1 has the serious design limitation that prescribing
closely matched output impedances for channels A
through D rules out the possibility of simultaneously
having different insertion losses for each channel.

FIG. 2 shows a simplified top plan view of a first
embodiment of an inventive multi-channel SAW en-
coder/decoder 11 which is in all respects similar to
device 10 except that a novel transducer stack 14x com-
posed of four uniform transducers 144, 14B, 14C,and
14D is substituted for the single uniform transducer 14
of FIG. 1. To share a common input, these transducers
are electrically connected in parallel by leads 72 and 74.
The upper bus bars U, through Up of each transducer
are interconnected by lead 72, and their lower bus bars
L4 through Lp are interconnected by lead 74.

The transducers 144-14p of the embodiment of FIG.
2 are shown as having the same interdigital spacing b
and aperture a,,, but the number of finger overlaps
between their respective top fingers f and their respec-
tive bottom fingers F are different.

This difference in the number of fingers, and hence of
finger overlaps, among transducers 14A-~D results in a
corresponding difference in their acoustic output signal
amplitudes. Thus the acoustic signal strength varies
among channels A through D, and thereby provides a
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means for varying the insertion losses of the individual
SAW channels. This enables the SAW encoder/de-
coder of this invention to achieve the different insertion
losses for each channel required by the encoding/de-
coding application, and at the same time maintains a 5
close match between the impedances of the output
transducers. This impedance match prevents visible
distortion of the TV picture as the alternative channels
are switched in and out in the course of subscription TV

encoding/decoding operation. 10

Thus, the respective numbers of fingers in transduc-
ers 14A-14D are chosen to reflect the required insertion
loss differentials between channels, enabling each chan-
nel’s insertion loss to be selected substantially indepen-

dently of the output impedance of its output transducer. 15

In particular, it permits output transducers 16'-19' all to
have matched output impedances, without sacrificing
the required differences in the insertion losses between
the channels A through D.

The surface acoustic waves generated by the trans-
ducer stack 4x will differ from those generated by
transducer 14 of FIG. 1 in that there will be four sepa-
rate forward signal waves traveling in different tracks
across substrate 12 toward their respective output trans-
ducers 16-19'.

FIG. 2 may be modified so that the interdigital dis-
tance b between the fingers f, F is not the same for each
of the uniform transducers 14A, 14B, 14C, 14D. It can
be independently chosen for each transducer to fit the
design of the individual channels. Adjusting the inter-
digital dimension b enables the center frequency of each
channel to be chosen individually, which has significant
advantages for reasons which will be discussed further
below.

FIG. 3 shows an alternative encoder/decoder 11’ 35

which is similar to the encoder/decoder 11 of FIG. 2,
but incorporates an inventive single interdigital SAW
transducer 14y that can be substituted for the transducer
stack 14x. It represents another way of varying the
acoustic output signal strength among channels A-D,
but is a simpler structure since it has only one set of bus
bars U, L and does not require the leads 72 and 74
needed in FIG. 2 to connect the pairs of bus bars
Uy4-L4, Up-Lp, Uc-Lc, Up-Lp of the transducers
14A, 14B, 14C, 14D.

The transducer 14y has upper and lower bus bars U,
L to which the fingers (f, F) of its upper and lower
combs are respectively attached at a regular interdigital
spacing b. The fingers f of the upper bus bar U include
both active fingers (f—7, f—s5, f_3, f_1, 11, f13, £15,
f17) and inactive “filler” fingers (f_¢, f—4, 2, f12, f 1.4,
f1¢) to maintain a uniform surface acoustic wave veloc-
ity in the transducer. All the fingers (F_3, F_3, F_y,
Fo, F11, F42, F4+3) of the lower bus bar L, however,

are active substantially along their entire lengths. 55

The active fingers f_7, f_s. .. {15, f.+7 of the upper
bus bar U are interspersed with the fingers F_3, F_». .
. F 42, F 1 3(all active) of the lower bus bar L. The latter
fingers are of nonuniform length; while the upper active
group f_7, f_s. .. fi5, f47 are of length, extending
across nearly the entire aperture of transducer 14y. The*
lengths of the non-uniform finger set increase from
short finger F_3 to long finger Fy, and also from short
finger F 3 to long finger Fo. Consequently, finger Fgis

the only lower finger which is long enough to overlap 65

with any fingers of the upper bus bar U within the por-
tion of the transducer aperture bounded by lines 50 and
52; fingers F_, Fpand F | are the only lower fingers
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long enough to overlap with any of the fingers of the
upper bus bar U within the portion of the transducer
aperture bounded by lines 52 and 54; and fingers F_;,
F_;, Fo, F4+1and F; are the only lower fingers long
enough to overlap with any of the fingers of the upper
bus bar U within the portion of the transducer aperture
bounded by lines 54 and 56; while all of the lower fin-
gers F_3 through F_ 3 are long enough to overlap with
the upper bus bar fingers in the area bounded by lines 56
and 58. As a result, the number of finger overlaps in-
creases monotonically, from a minimum in subaperture
50-52, to a larger number in subaperture 52-54, a still
larger number in subaperture 54-56, and the largest
number in subaperture 56, 58.

Subaperture 50-52 corresponds to Channel A; i.e. it is
the only portion of transducer 14y which is acoustically
coupled to output transducer 16'. This is because subap-
erture 50-52, like input transducer 14A of FIG. 2, to
which it is analogous, is oriented to transmit its highly
directional acoustic beam in the direction of output
transducer 16'. Similarly, subaperture 52-54 corre-
sponds to Channel B because it is acoustically coupled
to output transducer 17, subaperture 54-56 corresponds
to Channel C because it is acoustically coupled to out-
put transducer 18', and subaperture 56-58 corresponds
to Channel D because it is acoustically coupled to out- -
put transducer 19'. This means that the number of active
finger overlaps in the input transducer 14y increases
monotonically from Channel A to Channel D, and con-
sequently the strength of the acoustic signal it produces
also increases monotonically from Channel A to Chan-
nel D, or from the upper bus bar U to the lower bus bar
L.

Connecting the upper bus bar U of transducer 14y to
ground will reduce any electrical crosstalk between the
input transducer and the individual channel output
transducers. This crosstalk reduction arises from the
shielding effect of having groups of grounded fingers at
both the left (f_7, f_s, f_s) and right (f4s5, f16, f+7)
sides of the structure 14y.

Other embodiments of the composite input trans-
ducer can be substituted for transducer 14y of FIG. 3
when it is not desired that the strength of the acoustic
signal increase monotonically from the channel nearest
the upper bus bar U to the channel nearest the lower bus
bar L. For example, FIG. 3A shows an embodiment of
a composite input transducer 14yy which produces its
strongest acoustic signal in channel A’ nearest upper bus
bar U. Continuing across the transcuder, the acoustic
signal falls to its weakest in channel B’ and then in-
creases somewhat in channel C'. It reaches its second
greatest strength in channel D', nearest lower bus bar L.
To produce this effect, the number of finger overlaps
increases in the channel order B, C', D’, A'. In this
more complicated transducer, channel A’ has its own
local lower bus bar LBB, connected to the composite
transducer’s lower bus bar L via finger 100. Likewise,
channels B’, C’' and D’ have common local upper bus
bars UBB1 and UBB2, respectively connected to the
composite transducer’s upper bus bar U by fingers 101
and 102.

FIG. 4 shows another encoder/decoder 11" incorpo-
rating an inventive input transducer 14z which is a mod-
ification of transducer 14y of FIG. 3. The two are simi-
lar except that the transducer 14z has different interdig-
ital spacings (b4, ba, bc, bp) for each of the individual
subapertures of channels A through D. This enables
each subtransducer to have a center frequency individu-
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ally selected for best performance of its own channel.
The resulting transducer 14z has finger spacing transi-
tion regions (T, T2, T3) containing slanted finger seg-
ments which provide connections between the fingers
of the individual subtransducers. For a comparison with
a prior art multichannel transducer that also uses slanted
transition segments, see FIGS. 5 and 6 of U.S. Pat. No.
4,379,274 (Hansen).

When the center frequencies of adjacent channels do
not differ by much, the transition regions of slanted
segments may be entirely avoided, thus saving substrate
material. FIG. 4A shows an enlargement of some of the
fingers of a composite input transducer having such
construction at the boundary between channels B and
C. The effect of the different interdigital spacing
(bp=bc) between the fingers of the channels B and C
can be absorbed because of the different widths
(bp/2-bc/2) of the fingers of each channel. In the em-
bodiment shown, in each channel the interdigital spac-
ing is a half wavelength, and the fingers have a width of
a quarter wavelength, of the channel’s respective center
frequency. The fingers from the upper channel are off-
set from the fingers from the lower channel, but join up
with them at junctions . . . J_2, J_1, Jo, T+ 1, J42. . -
thus providing electrical contact between the corre-
sponding fingers of each set.

The embodiment of FIG. 4A employs solid-strip,
half-wavelength-width fingers. To reduce acoustic re-
flections it may be advantageous to use split fingers
each formed of two spaced one-eighth-wavelength-
width strips. Thus FIG. 4B shows an enlargement of the
split fingers of yet another composite input transducer
in which the boundary between adjacent channels B
and C is formed without slanted transition segments.
Here again, compare FIGS. 5 and 6 of Hansen U.S. Pat.
No. 4,379,274, which also employs split fingers

In the embodiment of FIG. 4B of the present inven-
tion, in each channel the interdigital spacing is a half-
wavelength, and each split finger is formed from a pair
of individual parallel electrode strips, each having a
width of an eighth of a wavelength. The space between
the individual strips forming each finger also has a
width of an eighth of a wavelength. Scme fingers from
each upper channel join up with fingers from a lower
channel at their ends, thus providing electrical contact
between the fingers of each set. Fingers (f_4, f4) that
do not join up with those of another channel are spaced
by a gap from opposing fingers (F_3, F3) of the other
channel.

Prior art input transducer designs can only have a
single compromise center frequency, chosen to provide
the best overall performance for the multichannel en-
coder/decoder 10 as a whole. A single center frequency
cannot be optimal for all channels.

In contrast, the input transducer stack 14x of FIG. 2,
the transducer 14z of FIG. 4, and the embodiments of
FIGS. 4A and 4B, can all use different interdigital spac-
ings (b4, ba, bc, bp) for the individual transducers
14A-D or the subtransducers of channels A-D, en-
abling the center frequency of each input transducer or
subtransducer to be selected to equal the optimum cen-
ter frequency of its respective channel.

The particular application of this SAW device as an
encoder or decoder requires insertion loss differences
between the individual channels. The channel with the
least insertion loss fixes the insertion losses for the other
channels, and must have the lowest possible insertion
loss for best system performance. The selection of the
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8
optimum center frequency for this channel insures mini-
mum insertion loss. As a result of the freedom to choose
different center frequencies for the uniform transducer
sections of the different channels, the apodized trans-
ducers are simpler and easier to construct.

The composite transducer structures 14y and 14z of
FIGS. 3 and 4 are preferable to the stacked transducer
structure }4x of FIG. 2, since the composite structures
14y and 14z do not have to provide parallel electrical
connections between the individual transducers
14A-D. These connections are an inherent part of the
composite structure 14y or z.

Another advantage is that the composite structures
14y and z each have a total of only one pair of bus bars,
whereas the stacked structure 14x has one bus bar pair
per transducer, or a total of four pairs. It has been our
experience that multiple bus bar pairs impair the fre-
quency response of the encoder/decoder 11 on the
upper slope of its passband and in the rejection band as
well. It is believed that the bus bars act as waveguides
and thus form a multitude of wave modes in the acoustic
beam. The higher order wave modes can distort the
frequency responses of the SAW channels in undesir-
able and uncontrollable ways.

In carrying out the design of encoder/decoders ac-
cording to this invention, there is a practical limit to the
number of finger overlaps that can be used in the input
transducers. A uniform transducer’s frequency band-
width is known to be inversely proportional to the num-
ber of its finger overlaps, so the maximum number of
finger overlaps for the input transducer is fixed for each
channel A-D by the desired bandwidth.

Furthermore, only an integral number of finger over-
laps can be used, which makes the channel insertion
losses adjustable only in quantized steps. However, in
practice, fine adjustment of insertion losses can be made
by slight modifications to the apertures of the apodized
receiving transducers 16'-19'. Although an apodized
transducer’s output impedance depends on its aperture,
the impedance is relatively insensitive to slight aperture
modifications.

While the principles of the invention have been de-
scribed above in connection with specific apparatus and
applications, it is to be understood that this description
is intended only by way of example and not as a limita-
tion on the scope of the invention. Therefore, the fol-
lowing claims are to be construed to cover all equiva-
lent structures.

The invention claimed is:

1. A multichannel SAW device comprising:

a common SAW input transducer means;

a plurality of SAW output transducers, each acousti-
cally coupled to said input transducer means and
having a preselected electrical output impedance;

and transmission means acoustically coupling said
input transducer means to each of said output trans-
ducers, and having substantially equal acoustic
losses with respect to each of said output transduc-
ers;

each of said output transducers cooperating with said
common input transducer means to form a respec-
tive SAW channel;

and said input transducer means being so arranged
that it delivers a stronger acoustic signal to one of
said output transducers than to another, whereby
the insertion losses of said channels are not in the
same proportion to each other as the output imped-
ances of their output transducers are to each other.
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2. The filter of claim 1 wherein the output imped-
ances of said output transducers are substantially
matched, yet the insertion loss of at least one said chan-
nel is substantially different from another said channel.

3. The device of claim 1 wherein said input trans-
ducer means includes means for producing substantially
different acoustic output amplitudes across the aperture
thereof in response to a single electrical input signal.

4. The device of claim 1 wherein said input trans-
ducer means comprises a plurality of individual trans-
ducers or substransducers connected electrically in
parallel, each individual transducer or subtransducer
being positioned ot couple acoustically to a respective
one of siad output transducers.

5. The device of claim 4 wherein different ones of
said individual transducers or subtransducers comprise
different numbers of active finger pairs.

6. The device of claim 5 wherein the transducers or
subtransducers are interdigital transducers having inter-
digitated electrode fingers with respective different
finger spacings for said different channels, and having
electrically conducting slanted transition segments
forming connections between the differently spaced
fingers of adjacent channels.

7. The device of claim 5 wherein the transducers or
subtransducers are interdigital transducers having inter-
digitated electrode fingers with respective different
finger spacings for said different channels, the ends of
preselected fingers joining to electrically connect adja-
cent channels in parallel but being offset to accommo-
date the different finger spacings.

8. A multi-channel surface acoustic wave device
comprising:

a plurality of interdigital surface acoustic wave trans-

mitters having a common electrical input;

and a plurality of surface acoustic-- wave receivers

acoustically coupled to respective ones of said
transmitters to define respective channels;

said transmitters having respective different numbers

of finger overlaps, whereby the insertion losses of
respective channels can be chosen substantially
independently of their respective output imped-
ances. _

9. Apparatus as in claim 8 wherein said transmitters
are combined so as to share a common pair of bus bars.
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10. Apparatus as in claim 8 wherein said transmitters
have respective different finger spacings whereby to
operate a respective different center frequencies.

11. The device of claim 10 wherein the transmitters of
different channels have fingers with respective different
finger spacings to achieve different center frequencies,
and comprising electrically conducting transition seg-
ments slanted relative to said fingers which form electri-
cal connections between the differently spaced fingers
of adjacent channels.

12. The device of claim 10 wherein the transmitters of
different channels have fingers at respective different
finger spacings tc achieve different center frequencies,
the ends of preselected fingers joining to electrically
connect adjacent channels in parallel but being offset to
accommodate the different finger spacings.

13. A multichannel SAW device comprising a plural-
ity of acoustic receivers, acoustic transmitter means
acoustically coupled to said acoustic receivers and cou-
pled to an electrical drive signal, and transmission
means acoustically coupling said transmitter means to
said receivers, and having substantially equal acoustic
losses with respect to each of said receivers, said trans-
mitter means being arranged to deliver a stronger
acoustic signal to one of said receivers than to another.

14. A device as in claim 13 wherein said transmitter
means is divided into individual transmitters each
acoustically coupled to a different one of said receivers
and delivering a different acoustic signal strength
thereto.

15. A device as in claim 14 wherein at least two of
said individual transmitters comprise interdigitated fin-
gers arranged to operate at different center frequencies.

16. A device as in claim 15 further comprising transi-
tion segments slanted relative to said fingers and electri-
cally connecting said fingers of adjacent transmitter
means.

17. A device as in claim 15 wherein preselected fin-
gers are joined at their ends to electrically connect
adjacent channels in parallel but are offset to accommo-
date the different finger spacings.

18. A device as in claim 14 wherein at least twc of
said individual transmitters comprise interdigitated fin-
gers all connected to a common pair of bus bars.

19. A device as in claim 14 wherein at least two of
said individual transmitters comprise interdigitated fin-
gers arranged to operate at different center frequencies

and all connected to a common pair of bus bars.
* * * * *



